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(54) Selectively flexible caul 

(57) A caul (24) is used in an autoclave process for 
consolidating a composite, multi-ply, gas turbine fan 
blade preform (12) having first and second opposite 
sides (12h, j) and a varying thickness therebetween. 
The caul (24) includes a body having fibres situated in a 
matrix. The caul is complementary in shape to the pre- 



form first side (12h) and has a bending flexibility varying 
over the body for correspondingly varying consolidation 
of the preform. The second side (12j) of the preform (12) 
is shaped by a bottom mold (22) in the autoclave cham- 
ber (20). 
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Description 

[0001 ] This invention relates to composite manufac- 
turing, and, more specifically, to consolidating three 
dimensional, multi-ply preforms to net mass and final 
shape with reduced distortion. 
[0002] Matched-die compression molding is com- 
monly used in fabricating advanced composites when 
high dimensional precision and surface strength 
requirements must be met. However, it can take much 
more effort to develop a compression molding process 
than an autoclave process. In compression molding, 
optimization of preform geometry, thermal cycles, and 
mold closure is critical to quality of the end product, and 
control of these process parameters must be very pre- 
cise. 

[0003] Geometric features such as thick sections, 
large variation in cross-sectional thickness or high ply 
drop-off, and high curvatures in composite parts are 
known to be difficult to process. In general, the interior 
and exterior of the material due to low thermal through- 
thickness conductivity of the composite, are in different 
cure and viscosity states at any particular point in time. 
For parts with variable sectional thickness, a thicker 
section contacts the mold earlier than a thinner one due 
to the difference in bulk, which further exacerbates the 
differential pressure during the molding phase. 
[0004] Fiber wrinkling or buckling, resulting from 
creeping of the material when under pressure, is an 
important problem in manufacturing fiber-reinforced 
composites because such defects can lead to degrada- 
tion of mechanical performance. This degradation is 
particularly important in parts such as gas turbine 
engine composite fan blades which rotate and develop 
substantial centrifugal loads which must be carried by 
the structural composite plies. 

[0005] A typical fan blade includes an airfoil extend- 
ing radially from root to tip and axially from leading edge 
to trailing edge. The airfoil root is integrally formed with 
a suitable dovetail which is used for mounting the indi- 
vidual fan blades to the perimeter of a rotor disk. The 
airfoil typically twists along its stacking axis from root to 
tip and has varying curvature or camber therealong. 
The airfoil increases in thickness from the leading and 
trailing edges to the mid-chord regions thereof, and also 
increases in thickness from the tip to the root At the 
root, the airfoil transitions into the dovetail which is sub- 
stantially thicker for carrying the significant centrifugal 
loads into the rotor disk during operation. 
[0006] An exemplary composite fan blade may have 
several hundred composite plies defining the root, and 
tapers down to a few hundred composite plies at the 
inner span of the airfoil. The number of plies further 
decreases from the airfoil root to its tip down to about 
one hundred plies thereat. 

[0007] Each composite ply typically includes a 
weave or cloth of suitable structural fibers, such as 
glass or graphite fibers, in a suitable resin matrix. The 



several plies are individually configured so that when 
stacked together they collectively define a preform hav- 
ing generally the shape of the resulting fan blade. The 
preform must be suitably molded to final shape and 

5 cured to form the resulting fan blade. 

[0008] As indicated above, a pair of matching dies 
may be used to compression mold the preform to final 
shape. Or, an autoclave process may be used wherein 
the preform is positioned atop a single mold, with a uni- 

10 formly flexible caul positioned atop the preform for pro- 
viding a surface against the pressurized gas used to 
conform the preform to the mold under heat and forming 
the fan blade. 

[0009] In both processes, consolidation of the pre- 

15 form is required during which the thickness of the pre- 
form is reduced under pressure and temperature with 
corresponding cross linking and curing of the matrix to 
form the final configuration of the part or blade. 
[0010] During the molding process, the preform 

20 inherently undergoes plastic deformation as it is molded 
to shape. In view of the varying thickness of the exem- 
plary fan blade and its complex three-dimensional con- 
figuration, the amount of thickness compression and 
plastic deformation of the preform correspondingly var- 

25 ies. For example, the dovetail is relatively thick and uni- 
form and transitions sharply to a narrower neck region 
at the root of the airfoil. In this region, the number of 
plies in the preform decreases substantially on the order 
of a several hundred ply decrease. The amount of ply 

30 variation along the remainder of the airfoil to its tip is rel- 
atively small in comparison, also with relatively small 
transition in thickness throughout the relatively thin air- 
foil. 

[0011] Accordingly, under pressure and tempera- 
35 ture, consolidation of the preform varies with typically 
more consolidation at the thicker dovetail and less con- 
solidation at the airfoil tip. In the matched-die compres- 
sion molding process described above, die travel is 
necessarily uniform over the entire surface area of the 
40 preform, with the thicker, dovetail portion contacting the 
mold earlier than the thinner tip portion. This is neces- 
sary to ensure effective consolidation at the root without 
undesirable overcompression at the tip which would 
misshape the final blade. As a result of this process, the 
45 preform is susceptible to undesirable wrinkling or buck- 
ling, especially in regions of the blades having large 
thickness variation such as at the root. Porosity, delam- 
ination, and other defects are also possible during the 
process. 

so [0012] In the autoclave process described above, a 
uniform pressure is applied atop the preform without 
use of a rigid top mold, thus making it difficult to achieve 
good dimensional control. 

[0013] In both processes, therefore, critical dimen- 
55 sional and process control is required to minimize unde- 
sirable defects in the consolidation process for creating 
accurately dimensioned fan blades. Nevertheless, 
defective fan blades are still produced and must be 
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rejected, thereby increasing the overall cost of produc- 
ing acceptable fan blades. 

[0014] Accordingly, it is desirable to improve consol- 
idation in varying thickness preforms for reducing unde- 
sirable defects such as wrinkles, porosity, and 5 
delamination. 

[0015] According to the present invention, a caul is 
used in an autoclave process for consolidating a com- 
posite preform having first and second opposite sides 
and a varying thickness therebetween. The caul io 
includes a body that is complementary to the preform 
first side and has a bending flexibility that varies over 
the body for correspondingly varying consolidation of 
the preform. 

[0016] Embodiments of the invention will now be 15 
described, by way of example, with reference to the 
accompanying drawings, in which:- 

Figure 1 is a partly cut away elevational view of an 
exemplary gas turbine engine composite fan blade 20 
manufactured in accordance with one embodiment 
of the present invention. 

Figure 2 is a radial cut away view along the stacking 
axis of the fan blade illustrated in Figure 1 and 25 
taken along line 2-2, showing (in solid line) an 
exemplary composite preform used to form the fan 
blade (shown in phantom). 

Figure 3 is an enlarged sectional view of a portion 30 
of the preform illustrated in Figure 2 within the circle 
labeled 3. 

Figure 4 is a schematic representation of an auto- 
clave in accordance with an exemplary embodi- 35 
ment of the present invention, also showing a caul 
atop the preform of Figure 2. 

Figure 5 is an elevational view of the caul illustrated 
in Figure 4 for use in forming the fan blade of Figure 40 
1 from the preform of Figure 2. 

Figure 6 is a plan view of the caul illustrated in Fig- 
ure 4 and taken generally along line 6-6 in Figure 4 
showing an exemplary first embodiment thereof. 45 

Figure 7 is an enlarged sectional view of a portion 
of the caul illustrated in Figure 4 and taken along 
line 7-7 of Figure 6. 

50 

Figure 8 is a plan view of the caul illustrated in Fig- 
ure 4 in accordance with a second embodiment of 
the present invention. 

Figure 9 is a schematic representation of isoclines 55 
of exemplary consolidation for the root and dovetail 
portion of the fan blade illustrated in Figure 1 using 
the preform illustrated in Figure 8. 



[001 7] Figure 1 illustrates an exemplary gas turbine 
engine composite fan blade 10 fabricated in accordance 
with the invention. Blade 10 includes an airfoil 10a and 
an integral dovetail 10b having a common stacking axis 
10c extending between the airfoil and dovetail. The air- 
foil includes a radially inner root 10d, a radially outer tip 
1 0e and axially spaced apart leading edge 1 0f and trail- 
ing edge 10g. Blade 10 also includes a first or suction 
side 10h and an opposite, second, or pressure side 10j. 
[0018] Blade 10 may take any suitable configura- 
tion, including a pattern that varies three-dimensionally 
over the entire length of its stacking axis. Thus blade 10 
is shown with a thickness A which varies from the dove- 
tail to the tip, and between its leading and trailing edges. 
Airfoil 10a is typically highly twisted along stacking axis 
1 0c from the root to tip as conventionally required for 
aerodynamic reasons, and the airfoil curvature at each 
radial section between the leading and trailing edges 
also varies as required for aerodynamic performance, 
with mid-chord sections near the stacking axis being 
thicker than the leading and trailing edges. 
[001 9] Fan blade 1 0 is conventionally configured as 
a layup of a plurality of composite plies 10k laterally 
stacked together between the sides of the blade. Each 
of the plies 10k is specifically configured in shape so 
that collectively the plies 10k form the desired three 
dimensional profile of the blade 1 0. 
[0020] The fan blade 10 illustrated in Figure 1 is 
formed from a substantially identical preform 12 illus- 
trated in Figure 2. Preform 1 2 is the initial, uncured state 
of fan blade 10 which is initially thicker, as represented 
by its varying thickness B, than the blade thickness A at 
corresponding portions. Thus preform 12 is thicker than 
blade 10, but otherwise shaped identical to blade 10. 
Since preform 1 2 is merely the initial form of the final fan 
blade 1 0, it includes corresponding parts such as an air- 
foil 12a to composite plies 12k, directly corresponding to 
the same components 10a-k, respectively, for the final 
fan blade. 

[0021] Preform 12 may take any conventional form, 
and Figure 3 illustrates an exemplary section thereof. 
Each individual composite ply 12k includes a conven- 
tional structural fiber 14, such as glass or graphite, in a 
suitable resin matrix 16. Fibers 14 may be in any config- 
uration, such as tape or woven cloth with suitable direc- 
tional orientation. The tape or cloth may be 
conventionally pre-impregnated with resin matrix 16. 
Exemplary compositions of composite plies 12k include 
fiber-thermoset epoxy, fiber-thermoplastic, fiber-bis- 
maleimide, and chopped fiber-epoxy/bismaleimide, or a 
neat resin such as thermoplastic or thermoset, or an 
elastomer. In an exemplary configuration, dovetail 12b 
has about several hundred composite plies which taper 
down to a few hundred composite plies at root 12d. The 
number of plies decreases to about a hundred at tip 
12e. 

[0022] As illustrated in figure 4, preform 12 is dis- 
posed in a conventional autoclave 18 to undergo con- 



5 EP 1 092 529 A1 6 



solldation and curing to form a final, cured fan blade 10. 
Autoclave 18 includes a pressure chamber 20, and a 
bottom mold 22 disposed in chamber 20 and configured 
to define the second side 12j of preform 12. Preform 12 
is positioned atop bottom mold 22 with its second side 
12j in contact with mold 22. 

[0023] A specifically configured caul 24 is posi- 
tioned atop the preform 12. A conventional flexible vac- 
uum sheet 26 is positioned atop caul 24 to provide an 
effective vacuum seal thereover. A conventional vac- 
uum pump 28 is operatively joined to chamber 20 for ini- 
tially evacuating air from preform 12. Conventional 
means 30 are operatively joined to chamber 20 for heat- 
ing the chamber and pressurizing the chamber to a suit- 
able pressure P to compress caul 24 and consolidate 
the preform plies 12k to final shape as the preform 
undergoes curing. 

[0024] Caul 24 provides an effective molding tool 
which conforms to the shape of preform 12 during the 
debulking or pre-cure cycle, which requires less heat 
than the curing cycle and thus takes place at a lower 
temperature and a shorter time than the curing cycle, so 
that the preform resin remains cured at this time. The 
caul also conforms to the shape of the preform during 
the autoclave manufacturing process or curing cycle. 
Thus, while the thickness of preform 12 is reduced dur- 
ing these cycles, the shape of preform 12 remains unal- 
tered. The caul provides stability to the composite plies 
by distributing the pressure loading throughout the pre- 
form during consolidation without causing any shifting 
or relative movement between adjacent plies. This 
leads to a decrease in manufacturing defects such as 
wrinkling and delamination between the ply layers. 
[0025] As shown in Figure 4, mold 22 forms the 
second side 12j of the preform, with caul 24 being con- 
figured to form the first side 1 2h of the preform. The caul 
therefore is shaped to conform or correspond to the 
general shape of both the fan blade and preform 12. 
[0026] Figure 5 illustrates an embodiment of caul 
24 which includes an airfoil region 24a, a dovetail region 
24b, a longitudinal axis 24c, a root 24d, a tip 24e, a lead- 
ing edge 24i, a trailing edge 24g, a top or outerside 24h, 
and a bottom or inner side 24j. 
[0027] Caul 24 has a structural body 24k which is 
preferably a composite and includes a plurality of plies. 
The caul is configured to conform to the preform first 
side 12h, and its bottom side 24] is therefore comple- 
mentary therewith, and has a bending flexibility which 
varies over its body for preferentially or selectively vary- 
ing consolidation of the preform in a suitably corre- 
sponding manner to reduce or eliminate defects such as 
wrinkling, porosity, and delamination of the plies. As 
shown in Figure 5, caul body 24k has a thickness C 
which predeterminedly varies over caul 24 to effect 
desirable variations in bending flexibility between rela- 
tively stiff and pliable portions thereof. By varying the 
bending flexibility of caul 24 over a range from mini- 
mum, or relatively stiff, to maximum, or relatively pliable, 



flexibility to correspond with effecting maximum and 
minimum consolidation, respectively, in preform 12, 
defects may be reduced or eliminated. 
[0028] As indicated above with respect to Figure 2, 

5 the elongate preform 1 2 undergoes a decrease in thick- . 
ness B from dovetail 12b to airfoil root 12d, and in turn 
to tip 12e. During initial stackup of preform plies 12k, air 
in the form of voids is trapped within the assembly. 
Accordingly, during consolidation, compression loading 

w squeezes together the several preform plies 12k to 
expel the voids, with the curing process also affecting 
the amount of consolidation achieved. 
[0029] As a general rule, more consolidation and 
contraction of preform plies 12k is required at the ini- 

15 tially larger thickness regions such as at the dovetail 
12b and root 12d, as compared to the relatively thin tip 
12e which requires correspondingly less consolidation 
or contraction. When caul 24 is positioned in the auto- 
clave, caul root 24d is positioned atop preform root 12d, 

20 and caul tip 24e is positioned atop preform tip 12e. The 
caul preferably increases in bending flexibility from its 
root 24d to its tip 24e to correspond with the decreasing 
thickness from preform root 12d to preform tip 12e. 
[0030] In the region of preform dovetail 12b and 

25 root 12d, more constraint is required to prevent plastic 
distortion which leads to undesirable wrinkling. By pro- 
viding a corresponding amount of stiffness or rigidity in 
caul dovetail 24b and root 24d, suitable constraint is 
provided in this region of preform 12. However, radially 

30 outwardly above preform root 12d, the thickness varies 
or tapers slightly, and the amount of consolidation 
required is also more uniform, as well as less than that 
required at preform dovetail 12b. Caul 24, therefore, is 
more flexible and more readily complies with the pre- 
ss form 1 2 under the applied pressure P. 

[0031] A first embodiment of caul 24 is illustrated in 
Figures 6 and 7. As indicated above, body 24k of caul 
24 is preferably in the form of a plurality of overlapping 
composite plies, shown individually numbered 1-8. Fig- 

40 ure 7 illustrates an exaggerated cross section of caul 24 
with the overlapping composite plies 1-8. Like preform 
12 itself, each of the caul plies 1-8 includes a suitable 
structural fiber 14 in a suitable resin matrix 16. Fiber 14 
may take any suitable form, such as a tape or woven 

45 sheet of fibers which is preferably pre-impregnated with 
the resin matrix 16. Fiber 14 may be of any suitable 
composition, such as glass or graphite, and the resin 
matrix may be of any conventional composition such as 
those listed above for preform 12 itself. Fiber 14 and 

so matrix 1 6 are visible in Figure 6 through a cut-away por- 
tion of top or outer side 24h. 

[0032] As shown in Figure 6, the individual plies 1 -8 
which form caul 24 are individually configured so that, 
upon stackup and curing, they provide the desired vari- 
55 ation in bending flexibility along the radial and axial 
extent of caul 24. The caul bottom side 24j is positioned 
above a suitable mold (not shown) corresponding with 
the desired profile of the airfoil top or first side 1 0h (Fig- 
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• ure 1) for use in defining that side in the preform. As 
illustrated in Figure 7, caul 24 uses the eight plies 1-8 
stacked atop each other, which corresponds to a total 
thickness of about 40-50 mils. As shown in Figure 6, the 
caul plies 1-8 are disposed generally symmetrically 
about the longitudinal or radial stacking axis 24c to cor- 
respond with the symmetry of the fan blade itself. As a 
result of this symmetry, as illustrated in Figure 6, the 
majority of caul airfoil 24a includes only two structural 
plies 1 and 2, having a total thickness of about 10-15 
mils extending downwardly from caul tip 24e along both 
sides and the leading and trailing edges 24f, 24g, down 
to about the caul root 24d. The number or quantity of 
plies preferably increases from tip 24e to root 24d 
which, In the Figure 6 embodiment, is localized near 
root 24d. From caul root 24d to the bottom of dovetail 
24b the number of plies increases sequentially from 2, 
3, 4,. 5, 6, 7, to 8. After layup of the initial plies 1-8, caul 
24 is, conventionally, itself consolidated and cured to 
complete its manufacture. The result is a one-piece uni- 
tary solid member having predetermined bending flexi- 
bility along its radial and axial extent, controlled in most 
part by the number of plies, orientation, and configura- 
tion in the same manner as any engineered composite 
structure. 

[0033] As shown in Figure 7, caul 24 preferably 
includes a flexible liner 24m integrally joined to the bot- 
tom side 24j of the caul body for engaging in abutting 
contact the preform top side 12h (Figure 4) in controlling 
surface finish thereof. Liner 24m may be formed of a 
suitable elastomer having a smooth finish so that the 
finish of the preform is correspondingly smooth. 
[0034] Caul 24 preferably also includes a flexible 
cover 24n integrally joined to the top side 24h of the caul 
body for protecting the caul body. Cover 24n may be 
formed of rubber for example, and has a suitable thick- 
ness for improving ease of handling of the caul itself 
while being sufficiently flexible to prevent undesirable 
restraint of structural plies 1-8. The optional liner and 
cover 24m and 24n improve the use of caul 24, with liner 
24m being disposed in direct contact with the preform 
first side 12h (Figure 4) in the autoclave, with vacuum 
sheet 26 thereof disposed atop cover 24n. 
[0035] As shown in Figure 6, caul plies 1 -8 are pre- 
determinedly oriented in body 24k for positioning fibers 
14 therein to decrease the bending flexibility, or corre- 
spondingly increase the rigidity, near caul root 24d and 
dovetail 24b for promoting directional consolidation. In 
Figure 6, the fibers are oriented perpendicularly to each 
other in each sheet or ply at 0° and 90° relative to longi- i 
tudinal axis 24c. Additionally, caul 24 illustrated in Fig- ' 
ure 6 includes two generally crescent-shaped cut-outs 
for effecting only one structural ply above root 24d and 
along the corresponding leading and trailing edges 24f 
and 24g for a suitable part-span extent This affects the f 
desired consolidation in the corresponding regions of 
the preform. 

[0036] Illustrated in Figure 8 is a second embodi- 
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ment of a caul 24B which also includes eight plies 1-8 In 
a modified form of the configuration illustrated in Figure 
6. In the second embodiment, the caul plies 1 -8 have 
the woven fibers 14 in each sheet being disposed per- 
5 pendicularty to each other, but at ± 45° relative to longi- 
tudinal axis 24c. The symmetric orientation of 
overlapping plies 1-8 provides additional plies along 
axis 24c in a centered peak extending to about the mid- 
span of airfoil 24a. This embodiment provides more uni- 
w form consolidation in the preform near its root and dove- 
tail. As in the embodiment shown in Figure 6, the 
thickness (and hence bending flexibility) along leading 
edge 24f if identical to that along trailing edge 249. 
[0037] Figure 9 is a graphical representation of iso- 
15 dines of consolidation for the embodiment of Figure 8, 
expressed in relative numerical units for preform 12. 
The two arrows indicate the directions from minimum to 
maximum consolidation in preform root 12d and dovetail 
12b. The Figure 9 analytical depiction of this consolida- 
te? tion correlates with test results. The isoclines indicate 
more uniform consolidation along preform dovetail 12b 
which better corresponds to the required final configura- 
tion of the resulting fan blade with minimized consolida- 
tion distortion. Figure 9 illustrates that less 
25 consolidation, e.g. minus 10 units, occurs in the airfoil 
and increases radially downwardly to the bottom of 
dovetail 12b having a magnitude of minus 50 units, for 
example. Caul 24 is therefore effective for not only pro- 
viding increased consolidation and contraction at the 
30 relatively thicker dovetail 12b, but also for providing a 
suitable transition in consolidation to the reduced 
amount required in airfoil 12a without undesirable con- 
solidation distortion. 

[0038] The two embodiments illustrated in Figures 
35 6 and 8 have similarity in the required number and con- 
figuration of the overlapping plies 1-8 for effecting 
desired variation in bending flexibility of cauls 24 and 
24B, yet also exhibit subtle differences. For example, 
the designs are generally axisymmetrical about longitu- 
40 dinal axis 24c on the top side 24h. The bottom side 24j 
is typically single structural ply 1 extending over the 
entire surface thereof from leading to trailing edges, and 
from dovetail to tip, upon which the additional plies 2-8 
are suitably stacked in desired locations. The maximum 
45 number of plies is at dovetail 24b, and decreases in 
number to root 24d, and further decreases in number 
part-span before remaining constant at two plies, for 
example, to the tip. Both designs include local cut-outs 
in second ply 2 to effect a single structural ply 1 for suit- 
so able part-span extent at the leading and trailing edges. 
[0039] Of course, the design of the individual caul 
depends upon the desired final configuration of the fan 
blade itself. An individual caul design may therefore be 
made to a specific configuration of the fan blade. This 
5 may be accomplished by using conventional analytical 
tools to predict the complex three dimensional require- 
ments of consolidation in the multi-ply preform, and 
therefore predicting a suitable configuration for the 
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required caul. 

[0040] The variable flexibility of the caul may be 
implemented in any suitable manner such as by using 
the variation in multiple plies 1-8, illustrated in Figures 6 
and 8, with suitable configurations therefor. The number 5 
of plies may be changed, the orientation of the ply fibers 
may be changed, and the location of overlapping transi- 
tion regions may also be changed in order to affect the 
resultant flexibility of the caul. The caul may therefore 
be tailored either analytically or by systematic variations w 
in the operative parameters to create an optimum caul 
configuration for a specific part design. In this way, vari- 
ation in preform consolidation may be optimized for sig- 
nificantly reducing defects such as wrinkles, porosity, 
and determination which would otherwise occur without is 
such controlled consolidation. 

Claims 

1 . A caul (24) for consolidating into a blade a compos- 20 
ite preform (12) having first and second opposite 
sides (12h, j) and a varying thickness (B) therebe- 
tween, said preform being of greater thickness than 

the blade to be produced but identical in shape to 
the blade to be produced, said caul comprising a 25 
body (24k) complementary to said preform first side 
(12h) and having a bending flexibility varying over 
said body for correspondingly varying consolidation 
of said preform (12). 

30 

2. A caul according to claim 1 wherein said body (24k) 
varies in said flexibility over a range from a mini- 
mum to a maximum flexibility to correspond with 
maximum and minimum consolidation, respectively, 

in said preform (12). 35 

3. A caul according to claim 2 wherein said body (24k) 
varies in thickness (C) to effect said varying bend- 
ing flexibility. 

40 

4. A caul according to claim 3 wherein said preform 
(12) includes a root (12d) and a tip (12e), said pre- 
form decreasing in thickness from said root to said 
tip, and wherein said caul body (24k) has a corre- 
sponding root (24d) and tip (24e), and increases in 45 
said flexibility from the corresponding root to the 
corresponding tip. 

5. A caul according to claim 4 wherein said body (24k) 
comprises a composite of fibers (14) in a matrix so 
(16). 

6- A caul according to claim 5 wherein said body (24k) 
further comprises a plurality of plies (1-8) of said 
fibers in said matrix, said plies increasing in quan- 55 
trty from the tip (24e) of said caul body to the root 
(24d) of said caul body. 
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7. A caul according to claim 6 wherein: 

said preform (12) is shaped in a gas turbine fan 
blade configuration with an airfoil (12a) defined 
radially between the preform root (I2d) and 
preform tip (12e) and axially between a preform 
leading edge (12f) and a preform trailing edge 
( 1 2g) , and with a dovetail (1 2b) integrally joined 
to said preform root (12d); 

said caul body (24k) correspondingly having a 
gas turbine fan blade configuration with an air- 
foil (24a) defined radially between the caul root 
(24d) and caul tip (24e) and axially between a 
caul leading edge (24f) and a caul trailing edge 
(24g), and with a dovetail (24b) integrally joined 
to said caul root (24d); and 

said caul plies (1-8) being disposed generally 
symmetrically about a radial stacking axis (24c) 
of said caul body. 

8. A caul according to claim 7 wherein said caul plies 
(1-8) are oriented in said body for positioning said 
fibers therein to decrease said flexibility near said 
caul root (24d) and caul dovetail (24b) for promoting 
directional consolidation thereby. 

9. A caul according to claim 7 further comprising: 

a liner (24m) integrally joined to a bottom side 
(24J) of said caul body for engaging said pre- 
form first side (12h) and controlling surface fin- 
ish thereof; and 

a protective cover (24n) integrally joined to a 
top side (24h) of said caul body. 

10. A caul according to claim 7 wherein said preform 
includes a mid-chord section near the stacking axis 
being thicker than the leading and trailing edges, 
and wherein said caul body is thicker in a mid-chord 
section near the stacking axis than at the leading 
and trailing edge of the caul. 

11. A caul according to claim 10 wherein said preform 
is twisted along said stacking axis. 

12. Apparatus for consolidating into a blade a compos- 
ite, multi-ply preform (12) containing resin and hav- 
ing first and second sides, said apparatus 
comprising: 

a caul (24) of bending flexibility that varies over 
its body; 

an autoclave chamber (20); 
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a bottom mold (22) disposed In said chamber 
(20) and configured to define said second side 
(12j) of said preform (12); 

said preform (12) being positionable atop said s 
bottom mold (22) with said second side (12j) 
thereof in contact therewith, said preform being 
of greater thickness than the blade to be pro- 
duced but identical in shape to the blade to be 
produced; 10 

said caul (24) being positionable atop said pre- 
form; 

a caul liner (24m) for contacting said preform 75 
first side (12h); and 

means (30) for heating and pressurizing said 
chamber (20) to compress said caul (24) atop 
said preform (12) and consolidate the preform 20 
plies (12k), whereby said preform can be com- 
pressed into a blade without relative movement 
between adjacent ones of the plies ' 

13. The apparatus of claim 12 wherein said preform 25 
includes a root and a tip and decreases in thickness 
from said root to said tip, and wherein said caul has 

a corresponding root and tip and increases in flexi- 
bility from the corresponding root to the corre- 
sponding tip, said caul comprising a body 30 
. complementary to said preform first side and hav- 
. ing a bending flexibility varying over said body for 
correspondingly varying consolidation of said pre- 
form. 

35 

14. The apparatus of claim 13 wherein said preform 
includes a mid-chord section near the stacking axis, 
a preform leading edge and a preform trailing edge, 
and wherein said caul body is thicker in a mid-chord 
section near the stacking axis than at a leading and 40 
a trailing edge of the caul. 

15. The apparatus of claim 13 wherein said means for 
heating and pressurizing said chamber is adapted 

to provide sufficient heat to said preform to cure the 45 
resin in said preform. 

16. The apparatus of claim 15 wherein said means for 
heating and pressurizing said chamber is adapted 

to provide less heat to said preform than needed to so 
cure the resin in said preform, and thereafter to 
allow the preform to cool, prior to applying sufficient 
heat to said preform to cure the resin in said pre- 
form. 
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